abstract OBJECTIVES: To assess the rates of mortality and major morbidity among extremely preterm infants born in California and to examine the rates of neonatal interventions and timing of death at each gestational age.
With advances in perinatal and neonatal care, more infants are surviving at earlier gestational ages. [1] [2] [3] However, the rates of mortality and severe neonatal morbidity increase with decreasing gestational age. [4] [5] [6] This trend is consistent across studies, but the absolute rates of mortality and morbidity vary most markedly for those infants born at the earliest gestational weeks. 1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Similarly, resuscitation practices at <26 weeks vary greatly by country, hospital, and practitioner 4, 9, 11, 15 because there is no consensus on a precise "limit of viability" (defined as anywhere between 22 and 26 weeks). [16] [17] [18] The summary from a 2013 joint workshop held by the Eunice Kennedy Shriver National Institute of Child Health and Human Development, Society for MaternalFetal Medicine, the American Academy of Pediatrics, and the American College of Obstetricians and Gynecologists acknowledged the wide variation in practices and outcomes for infants born at <26 weeks' gestation. The workshop recommended that new population-based obstetric and newborn cohort studies investigate neonatal resuscitation practices and outcomes of extremely preterm infants. 19 Data from a recent Neonatal Research Network (NRN) publication support the concept that there is a broad range of practices and outcomes at these gestational ages in the United States. 11 Although populationbased data are available for some countries, 1, 4, 5 comparable data in the United States are limited. 13, 20 The primary aim of the present study was to assess the rates of mortality and major morbidity among extremely preterm infants (22) (23) (24) (25) (26) (27) (28) weeks' gestation) born in California, by using data collected from 2007 through 2011 by the California Office of Statewide Health Planning and Development (OSHPD). We also examined the rates of neonatal interventions and timing of death for each gestational week between 22 and 28 weeks.
METHODS
The OSHPD birth cohort database contains detailed information on maternal and infant characteristics derived from linked hospital discharge, birth certificate, and death records, including all records for the mother and infant from 1 year before birth to 1 year after birth. Birth certificates also include information on prenatal care and select antenatal conditions. The file provides diagnosis and procedure codes based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). 21 The study population consisted of all live born infants in California from 2007 through 2011 (Fig 1) . Of the 16 295 infants born at a gestational age between 22 and 28 weeks, 7519 had linked birth certificate and hospital discharge records. Gestational age was determined by best obstetric estimate from ultrasound and/or last menstrual period. The cohort included infants with a birth weight within 4 SDs of the mean gestational age according to gender-specific growth curves 22 ; infants with chromosomal abnormalities or major structural birth defects were excluded. 23 Structural birth defects were considered "major" if determined by clinical review as causing major morbidity and mortality that would likely be identified at birth or lead to hospitalization during the first year of life.
The NICU level of care was defined by the California Children's Services Department certification as intermediate-level (short-term ventilatory assistance), community-level (long-term ventilatory assistance, limited surgical procedures), or regional-level (full range of neonatal intensive care services, including neonatal surgeries) NICUs. 24 For the purposes of the present study, the NICUs not certified by the state were designated as "no NICU." Mortality measures were derived from linked death certificates and death discharge information within the birth cohort file. Death in the cohort was presented utilizing daily survival curves for each gestational age. Mortality rates after discharge were also reported. 
RESULTS
A total of 6009 infants born at 22 through 28 weeks of gestation were included in this retrospective cohort study (Table 1) . Mean birth weight increased with each increasing gestational week, from 489 g at 22 weeks to 1116 g at 28 weeks. More than one-half of the entire cohort was male (53%), and 79% of the births were singleton. Cesarean delivery occurred with increasing frequency from 22 weeks (14%) to 28 weeks (73%). A majority of all 22-to 28-week deliveries occurred at a community-level NICU (58%).
Twenty-eight percent of all extremely preterm infants died within the first year of life. Among the infants born at 22, 23, and 24 weeks, survival to 1 year of age was 6%, 27%, and 60%, respectively (Fig 2) and increased further for each 1-week increase in gestational age, from 78% at 25 weeks to 94% at 28 weeks. Seventy percent of all deaths in our cohort occurred in those infants born at 22 through 24 weeks' gestation; 62% of these deaths occurred in the first day of life, 83% in the first week of life, and 94% in the first 27 days of life. Of the 489 infants born at 25 to 28 weeks who did not survive, 22% died on the first day of life, 49% in the first week of life, and 76% in the first 27 days of life. After 6 days of life, the rates of survival remained high (>90%) across all gestational ages. The rate of survival in the postneonatal period (28-365 days) was even higher (>95%) across all gestational ages. Only 1.3% of all deaths in the first year of life (n = 22) occurred after discharge from the intensive care nursery.
Major neonatal morbidities, including grade III or IV IVH, PVL, NEC, BPD, sepsis, or ROP surgery, were common for all survivors of extreme prematurity, especially at 22 through 24 weeks (Table 2) . Approximately 8% of all survivors in our cohort had grade III or IV IVH, with 22-week survivors being at highest risk for this complication (38%). Slightly more than 2% of all extremely preterm infants had PVL; 22-and 23-week infants had ∼3 times the rate of PVL compared with 24-to 28-week infants. Approximately 7% of the infants born at 22 to 28 weeks' gestation had NEC. However, surviving 22-and 23-week infants were the most likely to develop NEC (14% and 19%, respectively). The rate of BPD decreased with each 1-week increase in gestational age, ranging from 66% among 22-week survivors to 20% among 28-week survivors. Rates of sepsis decreased with each increasing gestational week, from 69% of 22-week survivors to 42% of 28-week survivors. Nearly 10% of the cohort had ROP that required surgical intervention. Surviving infants born at 22 through 24 weeks' gestation were at the highest risk of having ROP surgery (>1 in 4); at 23 weeks, 36% of survivors required ROP surgery. More than 80% of surviving infants <26 weeks' gestation had at least 1 major morbidity. Furthermore, infants who were born before 24 weeks' gestation were the most likely to have >1 major morbidity (69% of 22-week infants, and 66% of 23-week infants).
Resuscitation was attempted in 21% of infants born at 22 weeks, whereas 64% of infants born at 23 weeks and 93% of infants born at 24 weeks had resuscitation attempted. When examining survival after attempted resuscitation, the rate of survival to 1 year at 22, 23, and 24 weeks was 31%, 42%, and 64%, respectively (Table 3) . After 24 weeks, the rates of survival after attempted resuscitation ranged from 80% at 25 weeks to 95% at 28 weeks. Survival after attempted resuscitation increased with every 1-week increase in gestational age, with the largest 1-week increase in survival occurring between 23 and 24 weeks. Survival without major morbidity after attempted resuscitation also increased with every 1-week increase in gestational age, from 4% at 22 weeks to 44% at 28 weeks.
Bivariate comparisons of perinatal characteristics and maternal demographic characteristics for survivors and nonsurvivors for whom resuscitation was attempted (Tables 4 and 5) revealed that a higher mean birth weight and female sex were each highly associated with increased survival among 22-to 24-week and 25-to 28-week infants (P < .001). Cesarean delivery was associated with increased survival in 22-to 24-week infants (64% vs 57%; P = .007), but decreased survival in 25-to 28-week infants (70% vs 76%; P = .003). When comparing hospital of birth for survivors and nonsurvivors after attempted resuscitation at 22 to 24 weeks, more were born in a hospital with a regional NICU (20% vs 15%; P = .031). Among all resuscitated 22-to 28-week infants, more survivors than nonsurvivors were born at a hospital with a regional NICU (21% vs 17%; P = .001), and more nonsurvivors than survivors were born at hospitals with an intermediate-level NICU (5% vs 3%; P = .034). In addition, increased survival after resuscitation was 4 by guest on November 8, 2017 http://pediatrics.aappublications.org/ Downloaded from associated with mothers who were white, non-Hispanic (P = .029), >34 years old (P = .001), had >12 years of education (P = .013), and had private insurance (P = .016).
DISCUSSION
In a population-based cohort of infants born between 22 and 28 weeks' gestation, survival to 1 year of life differed substantially according to gestational age. Whereas only 6% of all infants born alive at 22 weeks' gestation survived, 94% born at 28 weeks' gestation survived. Although methods and populations differed somewhat, overall survival data from the California OSHPD data set were comparable to survival reported from the NRN data set in the 2 most recent epochs (2003-2007 and 2008-2012) , 11, 25 as well as survival data from the California Perinatal Quality Care Collaborative (CPQCC) from 2005 to 2008. 13 Live born survival rates in the California OSHPD cohort were slightly higher than population-based data from the United Kingdom 1 but lower
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FIGURE 2
Overall survival according to gestational week. by guest on November 8, 2017 http://pediatrics.aappublications.org/ Downloaded from than population-based data from Sweden 5 and multicenter data from Japan. 9 In our OSHPD cohort, more than two-thirds of all infants who survived to 1 year of age had major morbidity. For every 1-week decrease in gestational age from 28 weeks, the percentage of infants with ≥2 major morbidities increased. IVH, PVL, BPD, NEC, sepsis, and ROP have all been associated with neurodevelopmental impairment. [26] [27] [28] [29] [30] Other studies have shown higher rates of cerebral palsy, cognitive impairment, and behavioral problems among those born at very early gestations, 31-34 thus putting extremely preterm infants with major neonatal morbidities at high risk for significant impairment later in life.
The rates of attempted resuscitation at 22 to 24 weeks in our study were similar to several publications from the same time period. EPICure2 reported on the proportion of live born infants for whom stabilization was withheld at birth. 1 NRN considered infants to have received active treatment if they received certain interventions: surfactant therapy, tracheal intubation, ventilator support, parenteral nutrition, epinephrine, or chest compressions. 11 CPQCC categorized infants as having received intensive care if they were mechanically ventilated. 13 Most other published studies on mortality of extremely preterm infants have not reported whether resuscitative measures or active treatment were attempted or withheld, 5, 9 and thus they were not suitable for direct comparison. There was a slightly higher rate of resuscitation or active treatment at 23 weeks in EPICure2 and NRN (83% and 72%, respectively) compared with CPQCC and OSHPD The NRN study reported significant between-hospital variation in treatment initiation of extremely preterm infants, which accounted for a large portion of the variation in hospital survival. 11 It is possible that the differences in resuscitation practices and mortality may extend beyond hospital variability and may represent regional variability. Previous studies have explored or proposed individual decision-making in resuscitation of extremely preterm infants, 35, 36 whereas other studies have examined more "macro" differences in resuscitation practice and subsequent outcomes at the hospital or country level. [37] [38] [39] Population-based studies and analyses are needed to gain a better understanding of the determinants of, and extent to, which regional practice variations underlie these mortality rate differences.
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Differences in perinatal characteristics and maternal demographic characteristics between resuscitated survivors and nonsurvivors, such as increased birth weight and female sex, demonstrate favorable predictors for survival, as previously described by Tyson et al. 12 However, in the present study, singleton birth was not associated with a statistically significant increase in survival. The majority of extremely preterm births in our cohort occurred in hospitals with a community-level NICU, which conferred no survival benefit, whereas an increase in survival was seen in infants born at a hospital with a regional-level NICU, which has been reported in other studies. 20, 40 In addition, several sociodemographic factors were associated with survival after resuscitation, including white, non-Hispanic mothers, maternal age >34 years, maternal education >12 years, and private insurance. Maternal race, education, and income have all been previously reported as important factors in neonatal outcomes, [41] [42] [43] [44] but further studies are needed to examine how these factors may affect survival.
A major strength of this research is that it is a large populationbased study with mortality and major morbidity outcomes up to 1 year of age. We demonstrated that linked statewide statistics (by using discharge diagnoses, birth certificates, and death records) may be used to construct meaningful population-based outcome data on extremely preterm infants. There are some limitations to using statewide data, however.
The most recent linked data we can access are through 2011. Also, we are reliant on ICD-9-CM coding for diagnoses and procedures. In extrapolating whether extremely preterm infants received lifesustaining interventions after birth, we were reliant on a limited number of procedure codes. Considering that extremely preterm infants who do not receive life-sustaining interventions after birth typically die within the first day of life, have relied on large, within-country academic medical centers. Given that many extremely preterm infants are being cared for in community-level NICUs, these multicenter studies may not adequately reflect the full range of hospital practices and patient populations. Large, population-based studies of neurodevelopmental outcomes in survivors of extreme prematurity have been conducted in the United Kingdom (EPICure), 32, 46 Sweden (EXPRESS -Extremely Preterm Infants Study in Sweden), 47 Australia (VICS -Victorian Infant Collaborative Study), 48 and France (EPIPAGE -Etude Epidémiologique sur les Petits Ages Gestationnels ). 31 However, there are no populationbased studies that have assessed the long-term neurodevelopmental outcomes of extreme prematurity in the United States, which has a health care delivery system different from those in Western Europe, Australia, and Japan.
CONCLUSIONS
Our study provides population-based evidence of survival and timing of death for extremely preterm infants in the first year of life. At the lowest gestational ages (ie, 22 and 23 weeks), less than one-half of infants survive after attempted resuscitation, with two-thirds of survivors having >1 major morbidity. These findings can inform recommendations for the care of extremely preterm infants. 
